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Ubiquitin Dependent Proteolysis in the Frozen Wood Frog
Michael Ulrich1, Ken Storey2, and Frank van Breukelen3
1,3School of Life Sciences, University of Nevada Las Vegas
2Carleton University, Ottawa Canada
Abstract:
Wood frogs (Rana sylvatica) freeze during the winter. One
might presume that homeostatic processes like protein
synthesis and degradation cease during freezing. However,
few data are available. In collaboration with Dr. Ken Storey
(Carelton University, Canada), we are investigating the primary
mode of proteolysis in wood frogs representing different points
of the freeze-thaw cycle.
Introduction:
Rana sylvatica has the ability to remain frozen for as many as
11 days at -4ºC with 100% survivorship. Few data are
available as to the fate of major homeostatic processes like
protein synthesis and degradation. Ubiquitin dependent
proteolysis is responsible for as much as 80-90% of cytosolic
protein degradation (reviewed in Velickovska and van
Breukelen 2007). Essentially, a small peptide modifier,
ubiquitin, is conjugated to target proteins and marks those
proteins for degradation. Ubiquitin dependent proteolysis is
essential for the turnover of protein pools but is also critical in
how a cell responds to cellular stress and protein damage.
While there have been numerous predictions of how global
climate change will affect temperatures, few studies have
addressed the biological implications.
Hypothesis:
Elevated ubiquitin conjugate are consistent with protein
damage. Rana sylvatica will experience lower ubiquitylated
protein concentrations in frozen states and elevated
concentrations in thawing states.
Material and methods: 
Sample preparation:
Tissue samples were homogenized in sample buffer
containing 50 mM Tris, pH 8.3, 20% glycerol, 2% SDS and 0.4
M 2-mercaptoethanol. A modified Lowry protein assay was
performed to determine protein concentrations of
homogenates.
Ubiquitin standards preparation:
Biotinylated ubiquitin and Fraction II from Hela cells were
purchased commercially. Fraction II was allowed to
incorporate the biotinylated ubiquitin. The reaction was
electrophoresed on SDS PAGE. The percent of incorporated
signal was calculated using ImageQuant Software following
visualization on a Typhoon Multivariable Imager.
Western blot:
Western blot analysis was used to determine the distribution of
ubiquitylated proteins in samples. Membranes were visualized
on a Typhoon.
Figure 1 Western blot showing the production of the conjugated ubiquitin standard. By
comparing the amount of biotinylated ubiquitin incorporated into various weight proteins (Lane
1) vs the remaining free ubiquitin (Lane 2 shows mw of free ubiquitin), the percentage of
conjugation was determined to be 78.8%. Lane 3 is a molecular weight marker.
Control Control animals (C) were acclimated 1-2 weeks at 5° C. 
Frozen Frozen animals (F) were subjected to -3°C for 24 hours. 
Long Thaw Long Thaw (LT) animals were subjected to 24 hours of -3°C 
then thawed for 24 hours. 
Short thaw Short Thaw (ST) animals were subjected to 24 hours of -3°C 
then thawed for 8 hours. 
Tissue samples:
Adult wood frogs were subjected to varying degrees of freeze and thaw times before
sacrifice and tissue collection. Samples of hind leg thigh muscle and liver was collected
from n=5 animals.
Figure 2 Western blot of liver tissue homogenates from animals in various states of the freeze
thaw cycle. See above for legend. The data demonstrate that there are no qualititative
differences in what proteins are ubiquitylated during the freeze thaw cycle. The antibody does
not recognize free ubiquitin. We can now use dot blot analyses which are more quantitative to
determine the concentration of ubiquitylated proteins.
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Conjugated ubiquitin standard preparation:
Summary:
We are able to detect ubiquitylated proteins in our samples. We will also be able to
perform dot blot analyses to quantitatively determine ubiquitin conjugate concentrations.
We will floow oup this work with additional assays to examine how well the ubiquitylation
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